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5 jS- SECRETASE, ANTIBODIES TO /3 - SECRETASE , AND ASSAYS 
FOR DETECTING 0 - SECRETASE INHIBITION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

10 The present invention relates generally to the 

cleavage of /3- amyloid precursor protein to produce /3- amyloid 
peptide. More particularly, the present invention relates to 
isolated and purified compositions containing an enzyme 
responsible for such cleavage (/S- secret ase) and assays for 

15 identifying inhibitors of /S-secretase . 

Alzheimer's disease is characterized by the presence 
of numerous amyloid plaques and neurofibrillary tangles 
(highly insoluble protein aggregates) present in the brains of 
Alzheimer's disease patients, particularly in those regions 

20 involved with memory and cognition. /3-amyloid peptide is a 
major constituent of amyloid plague which is produced by 
cleavage of /3-amyloid precursor protein. It is presently 
believed that a normal (non- pathogenic) processing of the 
/8-amyloid precursor protein occurs via cleavage by a putative 

25 "a-secretase" which cleaves between amino acids 16 and 17 of 
the /S-amyloid peptide region within the protein. It is 
further believed that pathogenic processing occurs in part via 
a putative "/S-secretase" which cleaves at the amino- terminus 
of the /S-amyloid peptide region within the precursor protein. 

30 Heretofore, however, the existence of /3-secretase has not been 
confirmed. 

The identification, isolation, and characterization 
of novel biological molecules having unique activities is 
generally useful. For example, novel enzymes can be used to 
35 catalyze reactions of a type associated with their class. In 
particular, novel proteases can be used to cleave proteins for 
a variety of purposes, and the availability of new proteases 
provides unique capabilities. In addition to such uses 
associated with enzymes in general, the identification. 
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isolation, and purification of the putative /3-secretase enzyme 
would permit chemical modeling of a critical event in the 
pathology of Alzheimer's disease and would allow the screening 
of compounds to determine their ability to inhibit /?-secretase 
activity. 

For these reasons, it would be desirable to isolate 
purify, and characterize the enzyme responsible for the 
pathogenic cleavage of /3-amyloid precursor protein at the 
ammo-terminus of the. /3-amyloid peptide region. In 
particular, it would be desirable to utilize such an enzyme 
(referred to hereinafter as /3-secretase) in methods for 
screening candidate drugs for the ability to inhibit the 
activity of /3-secretase in in vitro systems. It would be 
particularly desirable if such screening assays could be 
performed in a rapid format which would permit the screening 
of large numbers of test drugs in automated fashion. 

2- Description of the ParkornnnH ^ 

/3-amyloid precursor protein (APP) is expressed in 
three differently- spliced forms of 695, 751, and 770 amino 
acids, and "normal- processing involves proteolytic cleavage 
at a site between residues Lys" and Leu" in the /3-amyloid 
peptide. Kang et al. (1987) Wature 325:773-776. Soluble 
/3-amyloid peptide which has been cleaved at the putative 
/3-secretase site has also been found in the culture medium of 
non-diseased cells (Haass et al. (i 992 ) Mature 359:322-325) 
and in CSF from healthy humans and animals (Seubert et al 
(1992) mature 359:325-327). The possible existence of the 
putative 0-secretase is discussed in, for example, Selkoe 
-Cell Biology of the Amyloid /3-Protein and the Mechanism of 
Alzheimer's Disease," in Annual Review of Cell Biology, 
Spudich et al., eds., Annual Review, inc., Palo Alto, 
California, vol. 10, 19 94 . T he Swedish mutation of APP is 
also discussed in Selkoe, supra. See also. Esch et al . (1994 ) 
Science 24 8:1122. 
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* J-WVENTION 

cleaves ,- amyloid precursor "°o t eL "If*" 1 - which 
5 terminus of 0-amyloid „„„,. * " ,APP) at "e amino- 

solubili« d but unenriche" ^- f ° ld neater than that of a 
cells. preferably fraction from human 2S3 

the membrane fraction a ^ ten- fold greater than that of 

«** neater than ha" TZZT^ ^ " ^ "° 
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determined by gel " u 96 £r ° m 260 » to 300 kD as 
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«• «, determined by electrons M *> « 
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comprises exposing a polypeptide l "™ 9 '' The m «hod 

site of AP p (looated a P t 2r^LT* r - ,1,,g 

within APP, to an at 1^^^""™* °* " 9lon 

the presence of the test suL^i La ^ ^ 

the *-se=retase would be expecteTt ^ C ° nditlons —* that 

into an amino-terminal fragment la^ T *** P °^"<* 

fragment in the absence of te sl 2 ^oxy-terminal 

cleavage. Te st substances TrlT" ^ bltS ™» 

then be introduced or exposed to tit ~* 

which test substances have ner t " 

Such test methods preferably ZlZTlVTT^ ""^ 

compositions described above GenL, 

derived polypepetides is detected I k fra9men " <* APP- 
*Pecific for the carboxy end of the ^ *° an " b ° d " 

*X of the ammo terminal fragment or 
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the amino end of the carboxy- terminal fragment. The 
polypeptide substrate for the /3-secretase may comprise a 
fusion polypeptide including an amino -terminal portion having 
a binding epitope. Use of such a fusion polypeptide as the 0- 
secretase substrate facilitates detection of cleavage by 
capture of the amino -terminal portion and labelling of the 
amino -terminal portion. 

The compositions will further comprise threshold 
levels, typically at least 10% by weight, of enzymes which 
cleave APP at the 0AP cleavage site and which are reactive 
with antibodies raised against immunogenic peptides of fi- 
secretase, such as any one or a combination of [SEQ ID No.: 5], 
[SEQ ID No. :6] , and [SEQ ID No. :7] . 

The present invention still further provides 
antibodies and antibody compositions that specifically bind to 
jS-secretase protein. The antibodies may be polycolonal or 
monocolonal, and may be prepared by immunization of a suitable 
host with any of the immunogenic 0-secretase compositions 
described above. The antibodies may further be prepared 
recombinant ly, may be humanized, or otherwise modified or 
produced in accordance with conventional methods for antibody 
production. 

The present invention further provides methods and 
assays for detecting 0-secretase cleavage of a polypeptide 
substrate, such as /3-amyloid precursor protein (APP) or 
synthetic or recombinant analogues thereof. The method 
utilizes a reaction system including 0-secretase and the 
polypeptide substrate present in initial amounts. The 
reaction system is maintained under conditions which permit 
the /3-secretase to cleave the polypeptide substrate into 
cleavage products. The 0-secretase cleavage reaction is 
monitored by detecting the amount of at least one of the 0- 
secretase cleavage products, where the amount of cleavage 
product (s) will increase over time as the reaction progresses. 
Such methods are particularly useful for screening test 
compounds for the ability to inhibit 0-secretase activity. 
Test compounds are introduced to the reaction system, and the 
ability of the test compound to inhibit the 0-secretase 



WO 96/40885 

PCT/US96/09985 



activity is determined based on the abilitv to 

compound (s) . tesc 

The reaction system may comprise /3-secretase and 

suitable source; L cel\7 * **" ° r ° th " 

sources. The cellular source will be ♦-,-.» I--* 

medium, where the conversion of APP into m reac txon 

be observed over time Te^ " cleavage products may 

xnhibitin^h e Pr r ent inVenti ° n fu " her prises methods for 

iTcells such metTf ° f '" amyl ° id Pre ° UrSOr P "" in «»»> 

n ceils such methods comprise administering to the cells .„ 
amount of a compound effective fn , s an 

*-secret.se activity. S " " ^ibit 

y> usually, such compounds will b*» 
selected by the screening methods descriLd above 
The present invention still fn^her ~ 

rn.mm.Uan ghosts Such methods comprise administering " the 
host an amount of a compound effective to inhibit B L,~l 
•ctivity in cells of the host, usualiy in ^ e ' ' " 
host, such compounds will usually be selected by the 
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screening assays described above. Such methods will be useful 
for treating conditions related to /3-amyloid peptide 
deposition such as Alzheimer's disease, Down's syndrome, and 
the like. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a Western blot showing the reactivity of 
antibodies raised against peptides Seek-1 [SEQ ID No. :5] , 
Seek-2 [SEQ ID No.:6], and Seek-3 [SEQ ID No.:7], under non- 
10 reducing conditions, as described in the Experimental section. 

Fig. 2 is a similar Western blot to Fig. 8, except 
that the protein samples were reduced prior to 
electrophoresis . 

Fig. 3 is a chart comparing the immunoprecipitation 
IS of 0-secretase using the antibodies of Figs. 8 and 9 under 
reducing and non-reducing conditions. 

Fig. 4 is a schematic illustration of an APP- 
containing fusion peptide useful as substrates in performing 
the screening assays of the present invention, having a 
20 binding epitope derived from maltose -binding protein (MBP) . 
An assay was run by exposing the fusion polypeptide to 
jS-secretase which cleaves the 125 amino acid portion of APP 
(APP C-125) at the amino -terminus of the jSAP. The MBP portion 
may then be captured, and the carboxy- terminus of the APP 
25 fragment which is exposed by cleavage with 0-secretase may be 
identified with 192 antibody specific for said terminus. SW- 
192 antibody bound to a reporter is utilized, which antibody 
recognizes the carboxy- terminus of the Swedish mutation of 
APP. 

30 Fig. 5 illustrates APP 638 which is a recombinant ly 

expressed form of APP truncated after 0AP (A0) . APP 638 may 
be used in a 0-secretase assay where the /SAP peptide is 
cleaved and the carboxy- terminus of the amino- terminal 
fragment of APP 638 recognized by 192 antibody in either a 

35 Western blot or ELISA assay. The carboxy terminal 0AP 
fragment can also be measured using a 3D6/266 assay. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a novel protease 
which specifically cleaves the 0-amyloid precursor protein 
(APP) at the amino-terminus of the /3-amyloid peptide (/SAP) 
therein. It is believed that this protease is the putative 
/3-secretase responsible for the pathogenic processing of APP 
to produce /3AP in /3AP-related conditions, such as Alzheimer's 
disease, Down's syndrome, HCHWA-D, and the like. Thus, the 
novel protease of the present invention will be referred to 
hereinafter as './3-secretase." The /3-secretase of the present - 
invention will be useful as a protease in in vitro and an yivo 
systems where proteases may generally find use. For example, 
0-secretase may be used to cleave or attempt to cleave 
proteins in order to characterize, process, modify, or 
otherwise react with the protein as a substrate. Thus, 
/3-secretase will have general utility as a proteolytic 
chemical reagent in a wide variety of chemical reactions and 
systems. In addition, the /3-secretase of the present 
invention will have a specific utility in the performance of 
screening assays to identify /3-secretase inhibitors, i.e., 
test compounds which are able to inhibit the proteolytic 
cleavage of APP in the presence of /3-secretase. Such assays 
will be described in detail below. In addition to the fi- 
secretase compositions and screening assay methods, the 
present invention will further provide recombinant nucleic 
acid molecules which encode at least a portion of /3-secretase 
and which are useful for a variety of purposes, including 
expression of /3-secretase, detection of /3-secretase genes and 
the like The present invention will still further provide 
recombinants produced /3-secretase molecules and compositions, 
usually by the expression of all or a portion of the fi- 
secretase gene. The present invention will still further 
provide antibodies to epitopes on the native /3-secretase 
protein which are useful for screening and other assays. 

1. pPPTWTTIONS 

Unless defined otherwise, all technical and 
scientific terms used herein have the same meaning as commonly 
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understood by those of ordinary skin in rK 

invention belongs Ut w k the art to wh i=n this 

cr e^ivalent J :" h0dS «- — r ials similar 

practice or testino of herein «» f "Bed in the 

-nods end ^^^ll^T^' P ~ fe " ed 

present ^ -.-^» «~ 
~« to r^^-'r^r — ( ^ 

third. app is aXcoLated 1 belOK) " ithin ltS 
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with a common 43 amino acia fcT. amin ° aCids ' 
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As used herein, "specifically cleaves /3-amyloid 
precursor protein (APP) at the /3-amyloid peptide cleavage 
location- means that the 0-secretase cleaves APP at only a 
single location and only at the site between amino adds 596 
and 597 of the 695 isotype . Test for determining whether an 
enzyme possesses such specificity are described in the 
Experimental section hereinafter under the headings fi- 
secretase Inhibitor Assays, Assays utilizing purified 0- 
secretase and recombinant fusion peptide substrates. 0- 
secretase will cleave the MBP-C125 SW substrate at only the 0- 
cleavage site and no other locations. 

The terms "polypeptide," "peptide" and "protein are 
used interchangeably herein to refer to a polymer of amino 
acid residues. The terms apply to amino acid polymers xn 
which one or more amino acid residue is an artificial chemxcal 
analogue of a corresponding naturally occurring ammo acid, as 
well as to naturally occurring amino acid polymers. The terms 
.•recombinant protein" and "recombinant 0-secretase" refer to a 
protein that is produced by expression of a nucleotide 
sequence encoding the amino acid sequence of the protein from 
a recombinant DNA molecule . 

The terms "isolated" "purifies" or "biologically 
pure" refer to material which is at least partially separated 
from and which is often substantially or essentially free from 
components which normally accompany it as found in its native 
state Purity and homogeneity are typically determined using 
analytical chemistry techniques such as polyacrylamide gel 
electrophoresis or high performance liquid chromatography, 
protein or nucleic acid molecule which is the predominant 
protein or nucleic acid species present in a preparation is 
substantially purified. Generally, an ^^fT"" 
nucleic acid molecule will comprise more than 80% of all 
macromolecular species present in the preparation. 
Preferably, the protein is purified to represent greater than 
S 90% of ,U macromolecular species present. More preferably 
the protein is purified to greater than 95%. and most 
Preferably the protein is purified to essential homogeneity. 
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wherein other macromolecular- • 

conventional technics ^ det6Cted * 
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acid sequences for aligning comparison window may be 
conducted by the local homology algorithm of Smith and 
waterman (1981) Adv. Appl. Mat*., 2 = 462, by the homology 
alignment algorithm of Needleman and Wunsch ,1*70, j Mol 
Biol.. 48=443. by the search for °^"J ^f^™ 
and L ipman (988, Proc. Natl. Acad. Max.. U.S.A. 85^2444 by 
computerized implementations of these algorithm | <^ ™ 
FASTA and TFASTA in the Wisconsin Genetics Software Package 
R elease 7.0, Genetics Computer Group, 575 
Madison, WI), or by inspection. The best alignment U^.. 
resulting in the highest percentage of homology over the 
resulting aci(Js) generaCe a by 

comparison window, » g .-mience 

the various methods selected. The percentage of sequence 

of positions in the window of comparison ( i - e. , th e windo 
size, , and multiplying the result by 100 to yield the 

- JTS- 1 ^ - - ^cleotide sequence is 
■ substantially identical" or -substantially similar to a 
reference sequence if the amino acid sequence or 
sequence bss st least 80% sequence identity, at least 85* 
sequence identity, at least 90* sequence Entity ^ least 
osfsequence identity or at least 99* sequence identity with 
the rXence sequence over a comparison window. Two 
winces that are identical to ^ther^ 
r« S^^sT^ «e substantially identical is 
one peptide is immunologically ^ ^Z^T 
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reactive with the polypeptide encoded by the second nucleotide 
sequence. Another indication that two nucleotide sequences 
are substantially identical is that the two nucleic acid 
molecules hybridize to each other under stringent conditions. 
Stringent conditions are sequence dependent and are different 
under different environmental parameters. Generally, 
stringent conditions are selected to be about 5° C to 20° C 
lower than the thermal melting point (TJ for the specific 
sequence at a defined ionic strength and pH. The T m is the 
temperature (under defined ionic strength and pH) at which 50%. 
of the target sequence hybridizes to a perfectly matched 
probe . 

An antibody "specifically binds to" or "is 
specifically immunore active with" a protein when the antibody 
functions in a binding reaction which is determinative of the 
presence of the protein in the presence of a heterogeneous 
population of proteins and other biologies. Thus, under 
designated immunoassay conditions, the specified antibodies 
bind preferentially to a particular protein and do not bind in 
a significant amount to other proteins present in the sample. 
Specific binding to a protein under such conditions requires 
an antibody that is selected for specificity for a particular 
protein. A variety of immunoassay formats may be used to 
select antibodies specifically immunore active with a 
particular protein. For example, solid-phase EL ISA 
immunoassays are routinely used to select monoclonal 
antibodies specifically immunoreactive with protein. See 
Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold 
Spring Harbor Publications, New York, for a description of 
immunoassay formats and conditions that can be used to 
determine specific immunoreactivity . 

As used herein, "test compounds" may be any 
substance, molecule, compound, mixture of molecules or 
compounds, or any other composition which is suspected of 
being capable of inhibiting 0-secretase activity in vivo or in 
vitro. The test compounds may be macromolecules, such as 
biological polymers, including proteins, polysacchrides, 
nucleic acids, or the like. More usually, the test compounds 
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will be small molecules having a molecular weight below about 
2 kD, more usually below 1.5 kD, frequently below i kD, and 
usually in the range from 100 to 1,000 D, and even more 
usually in the range from 200 D to 750 D . Such test compounds 
5 may be preselected based on a variety of criteria. For 

example, suitable test compounds may be selected as having 
known proteolytic inhibition activity. Alternatively, the 
test compounds may be selected randomly and tested by the 
screening methods of the present invention. Such test 

10 compounds will typically be administered to reaction system 
(as discussed hereinbelow) at a concentration in the range 
from about 1 nM to 1 mM, usually from about 1 fiM to 1 mM. 
Test compounds which are able to inhibit /3-secretase cleavage 
of APP are considered as candidates for further screening of 

15 their ability to decrease /SAP production in cells and/or 
animals . 

II. g-SeeretasP 

£-secretase has been characterized in a number of 

20 respects, as described in detail in the Experimental section 
below. /3-secretase has an apparent molecular weight in the 
range from 260 kD to 300 kD determined by gel exclusion 
chromatography in 0.2% hydrogenated Triton X-100. A more 
accurate molecular weight in the range from 60 kD to 148 kD 

25 has been determined by electrophoresis. 0-secretase will bind 
to wheat germ agglutinin but not to concanavalin A. it has 
been found to have a net negative charge at pH 5 (where it 
does not bind to a cat ionic exchange material) and a net 
negative charge at pH 7.5 (where it binds to an anion exchange 

30 material) . The 0-secretase of the present invention will 

cleave both wild- type (normal) and the Swedish mutation of APP 
at the putative 0-secretase cleavage site on the immediate 
amino- terminal side of the 0AP fragment, and has been found to 
have a higher proteolytic activity with respect to the Swedish 

35 form of APP. Proteolytic activity appears to be at its peak 
at a pH from 5 to 5.5, with very low activity at pH 7.5 and 
above. £-secretase is resistant to many known protease 
inhibitors (see Table 3 in the Experimental section below) . 
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0-secretase appears to preferable 

Polypeptide substrates wh ich ha reC ° gni2e ^ th ° Se 
-mber of residues upstre am anH * 
site (fro m either th l III™ ™* dOWnst -a m f rom the cleavage 

*-> o f «. As a^sr^r or other ~ d 

hereinafter, peptides containing \ Experime »tal section 

- d -s^ues d 0 L st re S a m I " ^ ~ ± *~ 

cleavage site will be cleaved If ^ 
Periods and higher enzyme level TthanT" 
Peptides containing longer r J * Cleava ^ of 

cleavage site. * ° n ei ^er side of the 

The p- secret ase of the 
Provided in a „ isolated ^ «* invention will be 

purified,. it i. meant fom. By -i solated and 

is <*ated and et least partial! ^ been eit »>er 

-urce. such as human brain "s su """^ *"» 3 nat -ai 
described in detail in th " " ^ " 3 cal1 * (- 
0-secretase can be obtained^ ^ 8eCtion • 

Protein Purification^ ^ ""~ — *— 

be removed from the /5-secretaJ' COntanunat ™S Proteins may 
technics, including serial T COmP ° SiClons b * *Pe=ific 
bound succinylated-wheat germ ChrOTla «Sraphy on agarose- 

bound lentil lectin (lca. " a3 UZW1D < SBGA > and 

agarose- 

binding 0-secretase activity tll f ^ alth ° Ush Pa"ly 
contaminating proteins in ZllTT^ ° th " 
allow increased enrichment ol the , ! «~ - 

Tbe fi-secretase win ,„„, "-""etase activity. . 

efficient to increasf tbe , s «» « -ent 

"suiting composition*^ l"! "T'V"^ ln th * 
"-secretase Preparations of the u~Z '. ** particul ar, the 
sufficient activity to cleave and Ipp nVenti ° n Wil1 ^ 
Polypeptides as described • P * ad *»- containing 

Preferably. £he e^cretase"-^ ^rimental section below, 
invention will haV e an act" ' ^ T ^ ** P ~ sa " 
neater than that of a sllZllTtT " ^ 
fraction from human 293 call , Z "nenriched membrane 

composition, will haV e a e Preferably, the 

least about ioo-fold greater^""' ""^ " hiCh ls « 
" than thac of the solubilized 
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membrane fraction fro™ human 293 cells A specific method 
determining 0-secretase activity in unxts of "ng - h . « 
described in detail in the Experimental sectxon below (see 

footnote 1 to Table 1) . 

This invention also provides 0-secretase protexn 
analogs. As used herein, the term -p-secretase protexn 
' refers to a non-naturally occurring polypeptide 
- ^sxng a contiguous seguence fragment of at lea* t » amxno 
acids at least 15 amino acids, at least 20 amxno acids or at 
0 leaft' 25 amino acids from the seguence of native 0-secretase^ 
in one embodiment, 0-secretase protein analogs, when presented 
as an immunogen, elicit the production of an antibody whxch 
specifically binds to native 0-secretase protexn. 0-secretase 
protein analogs optionally are in isolated form 

This invention also provides actxve 0-secretase 
protein analogs that cleave '"^f^ " 

'-amyloid peptide cleavage location, x.e at a 
immediately amino-termxnal to the 0-amyloxd peptide^ 
analogues will preferably have the mxnxmum actxvxtxes 

20 deSCrited TJZ ,-secretase protein analogs 

fragments for —^t- P-ein analogs having additions 
include those having amino acid extensions to th, , amino- or 
carboxy-termxnal end of other active fragments, as well 
additions made internally to the protexn. 

Protein analogs that are oligopeptxdes can be 

HL protein analogs preferably are prepared recombxnantly . 
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The /3-secretase polypeptides of the present 
invention may also have amino acid residues which have been 
chemically modified by known techniques, such as 
phosphorylation, sulfonation, biotinylation or the addition of 
5 other moieties. In some embodiments, the modifications will 
be useful for labelling reagents, purification targets, 
affinity ligands targeting, or the like. 

III. ANTIBODIES AND HYBRIDOMAS 
10 The /3-secretase polypeptides of the present 

invention may be used to prepare polyclonal and/or monoclonal 
antibodies using conventional techniques with the /3-secretase 
polypeptides as an immunogen. The intact /3-secretase 
molecule, or fragments thereof, optionally coupled to a 
15 carrier molecule, may be injected into small vertebrates, with 
monoclonal antibodies being produced by well-known methods, as 
described in detail below. Antibodies produced from 
/3-secretase will be useful for performing conventional 
immunoassays to detect /3-secretase in biological and other 
20 specimens. Antibodies according to the present invention will 
bind to /3-secretase with an affinity of at least 10 s M" 1 , 10 7 M" 
l , 10 8 M" 1 , or 10 9 M" 1 . 

A number of immunogens can be used to produce 
antibodies that specifically bind /3-secretase polypeptides. 
25 Recombinant or synthetic polypeptides of 10 amino acids in 
length, or greater, are the preferred polypeptide immunogen 
for the production of monoclonal or polyclonal antibodies. 
Exemplary peptides include tSEQ ID Nos.:5, 6, and 7] . In one 
class of preferred embodiments, an immunogenic peptide 
30 conjugate is also included as an immunogen. Naturally 

occurring polypeptides can also be used either in pure or 
impure form. 

Recombinant polypeptides are expressed in 
eurkaryotic or prokaryotic cells and purified using standard 
35 techniques. The polypeptide, or synthetic version thereof, is 
then injected into an animal capable of producing antibodies. 
Either monoclonal or polyclonal antibodies can be generated 
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appr^L 3 " ^ POl ^ Ptid - * Polypeptide clpled Co an 
etcTor I r ri " GST ' keyhole hemanocyanin. 

vector such P ° 1WePtide -"rporated into an immunization 

no. 4 722,846) 16 mixed with an adjuvant and animals are 
immunized with the mixture tk= , • , . e 
the i™,„„„ mixture. The animal's immune response to 

the immunogen preparation is monitored by taking test bleeds 

"tare T^Z "* """^ " P^ptice f 

i™ epproximately high titers of antibody to the 

immunogen are obtained, blood is oolleoted fro. the Limal and 
antisera are prepared. Further fractionation of the antiserT 
to enrich for antibodies reactive to the polypeptide IT 

Pro to™ deSired ' -rrent 

aLTl! " "iley/Greene, „, and Harlow and Lane 

Press! £ tlb0dleS ' A 1 cold spring Harbor 

ch^ ^"bodies, including binding fragments and single 

fra^enTTr' VerSi ° nE """^ P~°etermined 
animals *- SeCreCaSe raised by immunizing 

animals, e.g „ ith conjugates of the fragments with carrier 

interest 8 " ^ ^ »—»»-- of 

interest is a peptide of at least 3 amino acids, .ore 

typically the peptide is 5 amino acids in length, preferably 

the fragment l0 amlno acias ia Md more y- 

the fragment is IE amino acids in length or greater. The 
Peptides can be coupled to a carrier protein (e.g.. as a 
fusion protein), or are reco^inantly expressed in an 
immunization vector. Antigenic determinants on peptides to 

length 8 " " ^ tyPiCa " y 3 " 10 " 

Monoclonal antibodies may be prepared from cells 
secreting the desired antibody. ln some instances, it is 
desirable to prepare monoclonal antibodies from particular 
mammalian hosts, such .. mice, rodents, prxmates humans etc. 
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Description of techniques for preparing such monoclonal 
antibodies are found in, e.g., Stites et al . (eds.) Basic and 
Clinical Immunology (4th ed.) Lange Medical Publications, Los 
Altos, CA, and references cited therein; Harlow and Lane, 
5 Supra; Goding (1986) Monoclonal Antibodies: Principles and 

Practice (2d ed.) Academic Press, New York, NY; and Kohler and 
Milstein (1975) Nature 256:495-497. Summarized briefly, this 
method proceeds by injecting an animal with an immunogen. The 
animal is then sacrificed and cells taken from its spleen, 

10 which are fused with myeloma cells. The result is a hybrid 
cell or "hybridoma" that is capable of reproducing in vitro. 
The population of hybridomas is then screened to isolate 
individual clones, each of which secrete a single antibody 
species to the immunogen. In this manner, the individual 

15 antibody species obtained are the products of immortalized and 
cloned singe B cells from the immune animal generated in 
response to a specific site recognized on the immunogenic 
substance . 

Alternative methods of immortalization include 
20 transformation with Epstein Barr Virus, oncogenes, or 

retroviruses, or other methods known in the art. Colonies 
arising from single immortalized cells are screened for 
production of antibodies of the desired specificity and 
affinity for the antigen, and yield the monoclonal antibodies 
25 produced by such cells is enhanced by various techniques, 

including injection into the peritoneal cavity of a vertebrate 
(preferably mammalian) host. The polypeptides and antibodies 
of the present invention are not with or without modification, 
and include chimeric antibodies such as humanized murine 
30 antibodies. 

Other suitable techniques involve selection of 
libraries of recombinant antibodies in phage or similar 
vectors. See, Huse et al. (1989) Science 246: 1275-1281; and 
Ward, et al. (1989) Nature 341: 544-546. 
35 Frequently, the polypeptides and antibodies will be 

labeled by joining, either covalently or non covalently, a 
substance which provides for a detectable signal. A wide 
variety of labels and conjugation techniques are know and are 
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reported extensively in both the scientific and patent 
literature. Suitable labels include radionucleotides 
enzymes, substrates, cof actors, inhibitors, fluorescent 
moietxes, chemi luminescent moieties, magnetic particles, and 
the like. Patents teaching the use of such labels include 
U.S. Patent Nos. 3,817,837; 3,850,752; 3,939,350; 3,996 345- 
4,277,437; 4,272,149; and 4,366,241. Also, recombinant ' 
immunoglobulins may be produced. See, Cabilly, U.S Patent 
No. 4,816,567; and Queen et al. (1989) Proc. jfctl'I Acad. Sci 
USA 86: 10029-10033. 

The antibodies of this invention are also used for 
affxnxty chromatography in isolating 0-secretase proteins 
Columns are prepared, e.g., with the antibodies linked to a 
solid support, e.g., particles, such as agarose, Sephadex, or 
the like, where a cell lysate is passed through the column, 
washed and treated with increased concentrations of a mild 
denaturant, whereby purified 0-secretase polypeptides are 
released. 

The antibodies can be used to screen expression 
libraries for particular expression products such as mammalian 
0-secretase. usually the antibodies in such a procedure are 
labeled with a moiety allowing easy detection of presence of 
antigen by antibody binding. 

Antibodies raised against /3-secretase can also be 
used to raise anti- idiotypic antibodies. These are useful for 
detecting or diagnosing various pathological conditions 
related to the presence of the respective antigens. 

An alternative approach is the generation of 
humanized immunoglobulins by linking the CDR regions of the 
non-human antibodies to human constant regions by recombinant 
DNA techniques. See Queen et al., Proc. Natl. Acad. Sci. USA 
86:10029-10033 (1989) and WO 90/07861. The humanized 
immunoglobulins have variable region framework residues 
substantially from a human immunoglobulin (termed an acceptor 
immunoglobulin) and complementarity determining regions 
substantially from a mouse immunoglobulin, (referred to as the 
donor immunoglobulin). The constant region (s). if present 
are also substantially from a human immunoglobulin. The human 
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(1989) and then cloning and amplif ying 
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the sequences which encode the antibody (or binding fragment) 
of the desired specificity. The protocol described by Huse is 
rendered more efficient in combination with phage display 
technology. See, e.g., Dower et al., WO 91/17271 and 
McCafferty et al., WO 92/01047. Phasge display technology can 
also be used to mutagenize CDR regions of antibodies 
previously shown to have affinity for /3-secretase protein 
receptors or their ligands. Antibodies having improved 
binding affinity are selected. 

In another embodiment of the invention, fragments of 
antibodies against /3-secretase protein or protein analogs are 
provided. Typically, these fragments exhibit specific binding 
to the /3-secretase protein receptor similar to that of a 
complete immunoglobulin. Antibody fragments include separate 
heavy chains, light chains Fab, Fab', F(ab') 2 / Fabc, and Fv. 
Fragments are produced by recombinant DNA techniques, or by 
enzymic or chemical separation of intact immunoglobulins. 

IV. srWBBWTWG ASSAYS 

The present invention further provides assays for 
detecting /S-secretase mediated cleavage of APP and other 
polypeptides substrates recognized by /3-secretase. The 
methods utilize a reaction system which includes both a 0- 
secretase component and a substrate component, where the /3- 
secretase cleaves the substrate over time to produce cleavage 
products. Thus, 0-secretase activity can be observed and 
monitored over time as the amount of cleavage product (s) 
increases. The amount of cleavage product (s) in the reaction 
system can be measured in a variety of ways, including 
immunologic, chromatographic, electrophoretic, and the like. 

Such /8-secretase cleavage methods are particularly 
useful for screening test compounds to determine their ability 
to inhibit 0-secretase mediated cleavage of APP. In such 
cases, a test compound is added to the reaction system and the 
effect of the test compound on production of cleavage product 
is observed. Those compounds which inhibit the production of 
cleavage product (s) are considered as potential /3-secretase 
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inhibitors and further as potential ^ h 

treatment of condition ° tentlal ^erapeutic agents for 
of conditions associated with 0AP production 
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substrate into an amino- terminal fragment and a carboxy- 
terminal fragment in the absence of a substance which inhibits 
such cleavage. Cleavage of the polypeptide substrate in the 
presence of the test compound is compared with that in the 
absence of the test compound, and those test substances which 
provide significant inhibition of the cleavage activity 
(usually at least about 25% inhibition, more usually at least 
about 50% inhibition, preferably at least about 75% 
inhibition, and often at least about 90% inhibition or higher) 
are considered to be /3-secretase inhibitors. Such 0-secretase 
inhibitors may then be subjected to further in vitro and/or in 
vivo testing to determine if they inhibit the production of 
0AP in cellular and animal models. Suitable in vivo and in 
vitro tests are described in copending application Serial Nos. 
07/965,972 and 07/831,722, the full disclosures of which are 
incorporated herein by reference. 

Suitable substrate polypeptides will include a 
region of the APP molecule which is recognized and cleaved by 
0-secretase. Usually, the substrate polypeptide will include 
at least about 5 amino acid residues, and preferably at the 
least about 17 amino acids, amino- terminal to the cleavage 
site (located between amino acids 596 and 597 in the 695-amino 
acid APP isomer) and at least about 5 amino acids, preferably 
at least about 16 amino acids, and most preferably at least 42 
amino acids (i.e., the full 0AP sequence), on the carboxy- 
terminal side of the cleavage site. The cleavage site will 
typically comprise the Met -Asp or the Leu-Asp cleavage site 
characteristic of the wild-type and Swedish forms of 0APP. 
intact APP molecule will be suitable as the polypeptide 
including both wild- type and mutant forms of APP, particularly 
including the Swedish mutation of APP. Use of fusion 
substrate polypeptides is often preferred, where an affinity 
region can be fused to the 0-secretase cleavage site of APP, 
producing a molecule whose cleavage can be conveniently 
monitored in solid phase test systems. 

The screening assays of 0-secretase and suitable 
substrate polypeptide are conveniently performed using 
•sandwich- assays where the amino- terminal or the carboxy- 
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compound identified by the method of the present invention. 
The pharmaceutically acceptable carrier can be any compatible, 
non-toxic substance suitable to deliver the compounds to an 
intended host. Sterile water, alcohol, fats, waxes, and inert 
5 solids may be used as the carrier. Pharmaceutically 

acceptable adjuvants, buffering agents, dispersing agents, and 
the like may also be incorporated into the pharmaceutical 
compositions. Preparation of pharmaceutical conditions 
incorporating active agents is well described in the medical 
10 and scientific literature. See, for example, Remington's 
Pharmaceutical Sciences, Mack Publishing Company, Easton, 
Pennsylvania, 16th Ed., 1982, the disclosure of which is 
incorporated herein by reference. 

The pharmaceutical compositions just described are 
15 suitable for systemic administration to the host, including 
both parenteral and oral administration. The pharmaceutical 
compositions will usually be administered parenterally, i.e. 
subcutaneously, intramuscularly, or intravenously. Thus, the 
present invention provides compositions for administration to 
a host, where the compositions comprise pharmaceutically 
acceptable solution of the identified compound in an 
acceptable carrier, as described above. 

Frequently, it will be desirable or necessary to 
introduce the pharmaceutical compositions directly or 
indirectly to the brain. Direct techniques usually involve 
placement of a drug delivery catheter into the host's 
ventricular system to bypass the blood-brain barrier, 
indirect techniques, which are generally preferred, involve 
formulating the compositions to provide for drug latentiation 
by the conversion of hydrophilic drugs into lipid-soluble 
drugs. Latentiation is generally achieved through blocking of 
the hydroxyl, carboxyl, and primary amine groups present on 
the drug to render the drug more lipid-soluble and amenable to 
transports across the blood-brain barrier. Alternatively, 
the delivery of hydrophilic drugs can be enhanced by intra- 
arterial infusion of hypertonic solutions which can 
transiently open the blood-brain barrier. 
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prophylactically-effective dosage, is generally the same as 
described above for therapeutic treatment. 

The following examples are offered by way of 
illustration, not by way of limitation. 

EXPERIMENTAL 

Purificatio n and rhararterizatjon of ^-Secretpase 

Frozen tissue {293 cell paste or human brain) was 
cut into pieces and combined with five volumes of 
homogenization buffer (20 mM Hepes, pH 7.5, 0.25 H sucrose, 
2 mM EDTA) . The suspension was homogenized using a blender 
and centrifuged at 1000 x g (10 min, 4°C) to produce a post- 
nuclear supernatant which was saved on ice. The pellets were 
resuspended in fresh homogenizing buffer at the original 
volume, and the centrifugation step was repeated. The second 
supernatant was combined with the first one, and the 
supernatant pool ("ENS") was centrifuged at 16,000 x g for 
30 min at 4°C. The supernatant s were discarded and the 
pellets, labelled "E2," were either used immediately for 
enzyme purification or frozen at -40°C for later use. 

The pellets were suspended in extraction buffer 
(20 mM MES, pH 6.0, 0.5% Triton X-100, 150 mM Had. 2 mM EDTA, 
5 /igMl leupeptin, 5 fig/ml E64, 1 w/ml pepstatin, 0.2 mM 
FMSF) at the original volume. After vortex-mixing, the 
extraction was completed by agitating the tubes at 4°C for a. 
period of one hour. The mixtures were centrifuged as above at 
16,000 x g, and the supematants were pooled. The pH of the 
extract was adjusted to 7.5 by adding -1% (v/v) of 1 M Tris 
base (not neutralized) . 

The neutralized extract was loaded onto a wheat germ 
agglutinin-agarose (WGA-agarose) column pre -equilibrated with 
10 column volumes of 20 mM Tris, pH 7.5, 0.5% Triton X-100, 
150 mM NaCl, 2 mM EDTA, at 4«C. One milliliter of the agarose 
resin was used for every 4 g of original tissue used. The 
WGA- column was washed with 10 column volumes of the 
equilibration buffer, and then eluted as follows. Three- 
quarter column volumes of 1 M N -acetylglucosamine in 20 mM 
Tris. pH 7.5, 0.5% Triton X-100, 2 mM EDTA were passed through 
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the column after which the flow was stopped for fifteen 
-nutes An additional five ^ » ^the xT 
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eluate) ^ COmbined <P°°led WGA- 

NaOAc P H 5 Th 0 « *ilut.d 1:4 with 20 mM 

--/^^ - P H of the 

racial acetic acid whiL molten 1^^^^ 
was passed through a 5-ml Pharinacia HiTra * ^^J" ^ 
equxlxbrated with 20 mM NaOAc, p H 5.0, 0 5* TritJTC nnn 

H^rrr r ion *• then ioadea * 

> , t x . s ~ : ^rj- : c °- 2 L hy ::~ d Triton x - io °- 

: s=rsr^» : - — H — : ~ 
«. « iQ fraccions Bere measured in 

rT , POrtion j the the 
i ec ei:; e a : clvity - — - — ---- * 

The pooled fractions from Che HITrap o were th.n 
Sir" t ° i a h COlUml ° f — alin A -a 3 arose P ,lo; V/V T 

SI = Hi IT with 10 column volun,ee ° £ 20 - 

Sri The ConTfT nat : d ^ X " 10 °' "° " 2 - 

™TA. The Con A flow-through was then loaded onto a 

Superdex 200 <2 6/6 o> ge l exclusion chromatography column 

whxch was eluted with Tris buffered saline. pH 7 Y 

hydrogenated Triton x-ioo. 2 mM EDTA. at 1 ml/min. 
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3 min/ fraction. Fractions containing /6-secretase activity 
were identified using the MBP-C125 cleavage assay. The 
apparent molecular weight of the /3-secretase activity eluting 
from the Superdex column was estimated from the peak elution 
volume (relative to that of standard proteins) to be 
280,000 ± 9800 (average of two runs for 293 cells, and two 
runs for human brain) . 

Results from a large-scale preparation of the enzyme 
from human brain tissue is shown in Table 1 below. 

Table 1 

Step Activity Protein Sp. Act. 1 Fold Purfn. 

ng/ml/h iig/nl ng/ml/h/fig 

protein 

Solubilized 

membrane extr. 2700 350 7.7 1 

HiQ Elution 

pool 80000 
Con A Flow-Thru 80000 



210 380.9 49.5 

100 800 103.8 



SS=SS Peak 57000 <5 > 11400 > 1480.5 

1 Specific activity of the purified /3-secretase was 
measured as follows. MBP C125-SW (described below) was 
combined at approximately 0.7 fig/ml in 100 mM sodium 
acetate, pH 5.5, with 0.3% Triton X-100. The amount of 
product generated was measured by the /3-secretase assay, 
also described below. Specific activity was then 
calculated as: 

< Prod uct coac. nej/ml) (Dilution factor) (Inc ubation vol. ui) 
Sp. Act. « {Enzyme sol. vol. |ii> (Incubation time h. ) {Enzyme cone. \ig/ml) 

The Sp. Act. is thus expressed as ng of protein produced 
per ng of /3-secretase per hour. 

Glycosylation of 0-secretase has been investigated 
using various immobilized lectins, and ability of 
substantially purified 0-secretase activity to bind to them 
was determined. Table 2 summarizes this data. A •-" sign 
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signifies less than 20% binding - + . 

2abie_2 



Lectin 

jequirity bean (APA) 
jack bean (con A) 

+ 

scotch broom (CSA) 
jimson weed (DSA) 

+ 

coral tree (ECA) 
grifornia simplicifolia I 
grifornia simplici folia II 
Jacalin (AIA) 

+ 

lentil (LCA) 

+ 

horseshoe crab (LPA) 
tomato (LEL) 

+ 

maackia (MAA) 
peanut (PNA) 

+ 

pokeweed (POA) 
castor bean (RCA1) 
potato (STL) 

wheat germ - succinylated (SWGA) + 

China gourd (TKA) + 

stinging nettle (DBA) 

gorse (DEAl) 

gorse (UEAII) 

hairy vetch fWL) 

wheat germ (KGA) 

Only a single lectin WGA) bound _ . 
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the activity (25-40%) to a number of other lectins probably 

indicates heterogeneous glycosylation. 

/3-secretase purified as described was assayed in the 

presence of a number of common protease inhibitors as follows. 

Enzyme solution was mixed with the inhibitor, as described 

below in the 0-Secretase Inhibitor Assay section, and assayed 
for activity remaining as a percentage of a control solution 
incubated under otherwise identical conditions. IC 50 values, 
if any, were determined as the concentration of inhibitor 
which resulted in 50% inhibition of the control activity. The 
results are set forth in Table 3. 
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Table 3 



Inhibitor 

SERINE PROTEASES 

aminoethylbenzene- 

sulfonyl fluoride 0.8 mM 

chymostatin 0.2 mM 

3,4- 0.5 mM 

dichloroisocoumarin 

diisopropyl f luoro - 

phosphate 2 mM 

elastatinal 0.2 mM 

phenylmethylsulf onyl - 

fluoride 1.0 mM 



CYSTEINE PROTEASES 

E-64 0.14 tnM NI 

N-ethylmaleimide 10 mM NI 

iodoacetamide 10 mM NI 

METALLOPROTEASES 

EDTA 2 Mm NI 

phosphor ami don 10 mM NI 
o-phenanthroline 7 mM 

m-phenanthroline 7 mM 

ASPARTYL PROTEASES 

peps tat in 25 jiM NI 
diazoacetylnorleucyl - 

methyl ester > 5 nff 

DIVALENT METAL IONS 

Cu 2 mM 



Hg 
Ca 

M9 



3 mM 

< 10% inh 
NI 
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not inhlhJ h r! r6SUltS ±ndiCate Chat =«— activity is 

not minted by common inhibitors of serine, cysteine 

inL^t 1 ' a,d ; ttallOP " t — "though o-phenanthroiine 
inhibits poorly, m-phenanthroline, which is not s meta l 
chelator, also does so, suggesting that this weak inhibition 

unrel *ted to the metal-chelating properties of 
o-phenanthroline . 

of a . SUP " deX elUti ° n fractions containing the peak 

Table T a " iVity deSCribSd " b °" in — tion with 

wneat oerT T "* PaSSSd thr ° U9h 3 l - -==^at.d 
wheat germ agglutinin agarose { SWGA- agarose , Vector Labs) 
column. The swsa column had been previously washed with 5 
column volumes of Tris-buf f ered saline, pH 7 4 o 2% 

S^mTI TritOD X " 100 ' 1 CaC12 ' 1 - ^ f °"°-d by 
5 column volumes of the same buffer with 1 M NaCl, and finally 
10 column volumes of the first, low [Bad] buffer. After the 
enzyme sample had been passed through the SWGA column, the 
resin was washed with an additional one-half column volume of 
the equilibration buffer. The flow through from this was 
pooled with the sample flow-through containing the bulk of the 
P-secretase activity. 

The SWGA-agarose flow-through was then passed 
through a 1 ml l entil leotln mgmm% ( 

culinaris agglutinin. Vector Labs) washed and equilibrated as 
described above for the SWGA resin. The majority^ the T 
fraction 6 ** ^ ^ the "* "-through 

Tris ,T f* fl ° W - thrOU 9 h was then diluted 1=4 with 20 m 

Tris, p H 7.5. 2 M EDTA, 0.2% hydrogenated Triton x-100. and 
allowed to bind to 40 „1 of DEAE-Sepharose Fast Plow 
(Pharmacia) . by mixing the enzyme solution with the anion- 
exchang. resin at 4oC overnight, with gentle agitation. The 
MAE-Sepharose resin is then recovered by centrifugation 
washed once with the dilution buffer, and the bound enzyme 
eluted with 200 ,1 of the dilution buffer containing 45^ 
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NaCl. The eluted enzyme solution was divided into two unequal 
parts, 20% and 80%, and each part was electrophoresed under 
non- denaturing conditions into a 6% separating- 4% stacking 
native gel system, in adjacent lanes, according to the method 
5 of Laemmli (Nature, 227, 680 (1970) , except that the SDS is 
replaced by 0.2% hydrogenated Triton X-100. Following 
electrophoresis, the gel was soaked for -3 0 minutes in 0.1 M 
sodium acetate, pH 5.5. The "analytical" (20%) and 
"preparative" lanes of electrophoresed enzyme (each 7 cm long 

10 x 1 cm wide x 1 mm thick) were then cut into -2.5 mm pieces 
using a clean razor blade, sequentially from the top of the 
stacker to the bottom of the separating gel. Each of the 
analytical slices was combined with 60 pi water and 10 pi 1 M 
sodium acetate in a microcentrifuge tube, then homogenized 

15 using a Kontes Deltaware motorized pellet pestle 

microhomogenizer. MBP-C125SW was added to the desired 
concentration (0.5-0.7 ug/ml) , and the mixture incubated 
overnight. The samples are then diluted with specimen diluent 
50-fold, and analyzed by the beta-secretase activity ELISA 

20 described below. Preparative slices corresponding to those 
analytical slices containing /3-secretase activity were then 
processed as described below to generate tryptic fragments 
from the gel-purified enzyme to obtain partial protein 
sequence . 

25 Gel slices containing /3-secretase activity were 

first reduced and alkylated, then digested with trypsin. 
Peptides were extracted from the gel pieces and separated by 
reverse phase HPLC. Collected purified peptides were 
sequenced by automated Edman degradation. Experimental 

30 methods follow. Each preparative gel slice was diced into 

pieces approximately 1 mm square. To facilitate handling, the 
diced pieces of each slice were loaded into individual 
microfuge tubes. Pieces were washed twice with 100 pi cold 
absolute ethanol per tube. The shrunken pieces were then 

35 rehydrated in a volume of Reducing Buffer (0.1M ammonium 
bicarbonate, 0.2% hydrogenated Triton X-100, and 0.1M DTT) 
sufficient to have about 2 mm of liquid above the pieces, 
typically 130-150 pi. The tubes were then incubated at 50°C 
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ettenol ™ 6than01 t0 aajust to 80* 

was prepared. wmie the trypsin 

To one vial containing 20 ug of modifioH 

Buffer (o.iH amm = nium bicarbonate 0 2* hvor! ^T"" 
X00,. yielding a tripsin concen^'on^T™ ^ " 
tubes containing the gel pieoes „ ere ^^^J" 

gentle shaking for about 2hr. The buffer- i t lth 

r r Digestion — - --r:^ 1 :::^: m 

the 2 n« excess. Incubaticn was allowed to proceed 
overnight, -nhr, . Tubes were checked and spun brief 1. to 

was added xf necessary. After about 20hr a i • 

a^aT y T P r d tryPSi ° ~» «" -trLe X ^ "* 

a? 3 "r ion aiiowed - - * - 

The .uperna^t^et^eT^Lr" ~ 

distilled,. The gel p.eces. still in indtvidual cubes ^ 
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i'oo^so""^ Sequentia1 ^ » ith "o„ 1MgMtloa Buffer . 

lOOAtl 30% acetonitrile (AcN) o 1*. tita ^ ~ ' 
0.1% ». Each e^tion ^TL" L 00 ^ 0 ^' 
shaking, tracts were adfled fco ^^J^f 
above Between extract' additions, the pooLd JtZlTs 

extr" " " T^"^' ^ the ~«" «* 0." ™ 

extract, the shrunken gel pieces were rehydrated for , ■ 

coined with the others, and the vo^ ~ 

Extracted peptides were loaded onto a Vydac CIS 
column, 2.x x ISO™, equilibrated at 40°c in o 2 . , „ 

Purified peptides were eluted with an AcN ^ * 
were collected either by hand or automatically 

APP ned sio^r M ^:^:^raT ced — - 

#1 AYLTV LGVPE KPQIS GFS (R) [SEQ ID No . 2] 
#2 iipst p FPQE QQPLI LTCE (R) [SE Q ID No -3] 
#3 GKPLP EPVL WTK [SEQ ID No. : 4] 

Synthetic peptides corresponding to part or all of 
the above three peptide sequences obtained were gene rat ed 
using solid-phase peptide synthesis, with the addlt^n it 

::rr iinker ~ e *~ ^ <* £«VA:r of an 

underlined), as indicated below: 
Eeptjde Name Sequent 

Seek-1 NH 2 £GGYL TVLGV PEKPQ I C0NH 2 

[SEQ ID No. :5] 
Seek-2 AcNHIIP STPFP QEGQP LILTC CO,H 

ISEQ ID No. : 6] 
Seek -3 NHj^SSKP LPEPV LWTK CONH, 

fSEO ID No. : 7] 
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The synthetic peptides were then conjugated to 
cationized bovine serum albumin, prior to injection into 
rabbits for the generation of specific antisera. Antisera 
obtained at 4 and 10 weeks were then used at 1:500 in a 
5 Western blot against partially purified /3-secretase . Partially 
purified /3-secretase (Superdex fraction) was electrophoresed 
into 10-20% Tricine gels under either reducing or non-reducing 
conditions. Following transfer of the proteins to PVDF 
membranes, individual lanes are excised, and separately probed 
L0 with pre -immune serum, and serum obtained at 4 and 10 weeks, 
from rabbits immunized with the three separate peptide 
immunogens. The Western blots are developed with secondary 
donkey-anti rabbit IgG, horseradish peroxidase- linked whole 
antibody (Amersham) , diluted at 1:5000, followed by ECL 
15 (Amersham) . The results from representative exposures are 
shown in Fig. 1 (non- reduced) and Fig. 2 (reduced) . 
Individual lanes are marked in both figures. Specific antisera 
to all three synthetic peptides recognize the same protein 
band(s) migrating with intermediate mobility between the €0 
20 and 148 kDa molecular weight markers. No immunoreactive bands 
are detected with pre-immune serum in all cases. The strongest 
reactivities on Western blot were detected with the specific 
antisera to Seek-1 (Rabbit 205-A Wk 10) and Seek-3 (Rabbit 
211-A Wk 10) , with antisera to Seek- 2 (Rabbit 210 -A Wk 10) 
25 producing a much weaker signal. In all cases, much stronger 
immunoreactivities were evident when the protein was 
electrophoresed under reducing conditions as compared to non- 
reducing conditions. This suggests that reducing conditions 
favor increased exposure of the antigenic epitopes on the 
30 otherwise denatured protein, and this was taken into 

consideration in the design of the immunoprecipitation 
experiments described below. 

A HiTrap Q chromatography fraction containing 0- 
secretase activity was divided in two parts. One of the two 
35 aliquots was treated with the reducing agent dithiothreitol 
(DTT) at 5 mM for 30 min at room temperature. Both the 
reduced and the untreated, control sample were diluted 10-fold 
in 20 mM Tris pH 7.5, 2 mM EDTA, 0.2% hydrogenated Triton X- 
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alxguots Uoo ,1, Kere then ^ ^ J"-*- 

5 "ituted Protein A-Sepharosa and 5 Jot IT 

rabbit antisera or anti«.~, « na 5 ^1 of either preimmune 
rabbit 211-A n 4 " " ra . fr ° m rabMt 20S - A «* 10. =r 
temperature with 'gentle ! f ° r 2 h " »- 

sedi m entati=n of the Proterrrr":^ POll ° Win * " 

> antibodies and anti-naT h A " SePhar ° se ***** bound 

incubation T^TT-LZZZ^llt^ °* *" 
cleared supematants usin g t n e ^ " 2 £ 

are graphioally indioated in Pi g , Jl "^l. Th * reSult * 
against both peptides SeeK-i and See J Immun " 

gel-purified en,yme confirms ^11^^ 
aeguences arise fro, the .-secretase polypeptide 

In order to generate an amino- terminal protein 
sequence, it was necessary to alter th. ■ „ protein 
chemical and ensymatic moLL^n to oermT 
.inor impurities in the prepared .^r^ 

aeglycosylation. was carried out as described below No los* 

lurr, was added to the enzyme solution to a final 
tZerat r ure^r?h™' T h nd « ™» 

-Uowed by , further 30 ^d^^ETST " " 
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temperature . The treated enzyme sample was then immediately 
desalted using a Pharmacia PD-10 column in order to exchange 
the buffer to 20 mM Tris, pH 7.5, 2 mM EDTA, 0.2% hydrogenated 
Triton X-100 for the next treatment step. 
5 In order to achieve the removal of Asn- linked sugar 

chains, 25 mU of the deglycosylating enzyme PNGase F (Glyko) 
was added to the j3-secretase preparation. This treatment step 
was carried out overnight (16 h) at room temperature. 

After /?-secretase had thus been reduced, 
10 carboxamidomethylated, and (at least partially) 

deglycosylated, the treated enzyme was again subjected to 
anion- exchange chromatography on a 1 ml HiTrap Q column as 
described previously. Eluted fractions containing the peak of 
activity were individually concentrated by acetone 
15 precipitation, by combining 0.36 ml of each fraction with 1.44 
ml of ice-cold acetone, storing the mixture overnight at -40C, 
and centrifuging the samples at maximum speed on a benchtop 
Eppendorf microcentrifuge for 10 min. After removal of the 
supernatant liquid, the pellets were dried down in the 
20 SpeedVac vacuum centrifuge apparatus, and the precipitated 

protein pellets dissolved in Laemmli sample buffer containing 
2% 0-mercaptoethanol . The samples were analyzed by 
electrophoresis on a Novex 10-20% acrylamide Tricine gel 
system, following which the protein bands were visualized 
25 using Novex Colloidal Coomassie stain, using the protocol 

supplied by the manufacturer. An image of the stained gel was 
recorded using a Molecular Dynamics Personal Densitometer. In 
order to identify the protein bands corresponding to /3- 
secretase, a Western blot analysis of a similar gel run in 
30 parallel, but with less protein per lane, was carried out 

after transfer to PVDF membranes. The Western blot was probed 
with antisera against peptide Seek-3 from the previously 
described rabbit 211-A wk 10. The results showed that the 
triplet of protein bands migrating immediately above the 60 
35 kDa MW marker was strongly immunoreactive with this previously 
characterized antisera. 

Fractions containing /3-secretase activity (#'s 21- 
25) were acetone precipitated. Pellets were dried briefly in 
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a Speed-Vac to remove residual acetone, dissolved in SDS-PAGE 
loading buffer and subjected to SDS-PAGE on a 10-20% Tris- 
Tricine gel (Novex) . The gel was transferred onto Pro-Blott 
membrane (Applied Biosystems) in CAPS buffer. After Coomassie 
5 blue staining, three closely spaced bands in the approximate 
molecular weight range of 65-75kDa, which coincided in 
electrophoretic mobility with the immunoreactivity described 
above, were excised for protein sequencing on an Applied 
Biosystems Model 477. Two of the bands yielded the same major 
10 amino-acid sequence. While the first cycle could not be 

identified positively, the next fifteen cycles were called 
with reasonable certainty. The consensus sequence obtained 
was 

15 [S/F/GJ KNKVK GSQGQ FPLTQ XVTW [SEQ ID No.: 8] 

0-Secretase Inhibitor Assays 

1. Assays utilizing purified g-secretase and recombinant 
fusion peptide substrates 

20 fi-secretase assays utilizing the SW-192 antibody, 

which recognizes the free . . . Val-Asn-Leu-COOH terminal 
sequence uncovered by proteolytic cleavage immediately amino - 
terminal of the /3AP sequence, were performed. Two 
recombinantly-expressed variants of APP (Figs. 5 and 6) have 

25 been used as substrates for /8-secretase . Both variants may be 
prepared as wild type or Swedish mutations. The preferred 
substrate (Fig. 5) was expressed in E. coli as a fusion 
protein of the carboxy terminal 125 aa of APP (APP C-125) 
fused to the carboxy- terminal end of maltose -binding protein 

30 (MBP) , using commercially available PMAL vectors from New 

England Biolabs. The ^-cleavage site was thus 26 amino acids 
downstream of the start of the APP C-125 region. 

Recombinant proteins were generated with both the 
wild- type APP sequence (MBP-C125 WT) at the cleavage site 

35 (. .Val-Lys-Met-Asp-Ala. .) ISEQ ID No.:9J or the "Swedish- 
double mutation (MBP-C125 SW) ( . .Val-Asn-Leu-Asp-Ala. . ) 
ISEQ ID No.:10] . The entire sequence of the recombinant 
protein with the Swedish sequence is given in Fig. 7 [SEQ ID 
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No.:l3. As shown in Fig. 4, cleavage of the intact MBP-fusion 
protein results in the generation of a truncated amino- 
terminal fragment, with the new SW-192 Ab-positive epitope 
uncovered at the carboxy terminus. This amino- terminal 
fragment can be recognized on Western blots with the same Ab, 
or, quantitatively, using an anti-MBP capture-biotinylated 
SW-192 reporter sandwich format, as shown in Fig. 4. 

Anti-MBP polyclonal antibodies were raised in 
rabbits (Josman Labs, Berkeley) by immunization with purified 
recombinantly expressed MBP (New England Biolabs) . Antisera 
were affinity purified on a column of immobilized MBP. 

Fusion peptides comprising the carboxy terminal 125 
amino acids of both the Swedish mutation and wild type of APP 
(designated MBP-C125 SW and MBP-C125 WT, respectively) were 
prepared from transfected E. coll induced with IPTG, 
harvested, and lysed as described in the New England Biolabs 
protocol, except that cells were sonicated in lysis buffer 
containing 150 mM sodium chloride, 50 mM Tris, pH 7.5 5 mM 
EDTA, and 0.1% Triton X-100. The sonicated cells were 
pelleted at 10,000 x g for 10 minutes at 4°C and extracted 
overnight with 7 M urea, 10 mM Tris, pH 7.5, 5 mM EDTA and 
0.1% Triton X-100. The extract was cleared by cent rifugat ion 
at 10,000 x g for 10 minutes, then dialyzed overnight against 
lysis buffer. The dialyzed extract was recentrifuged as above 
and applied to a column of amylose resin ( New England 
Biolabs) . The column was washed extensively (at least 10 
column volumes) with lysis buffer, then with two column 
volumes of low salt buffer (10 mM Tris, pH 7.5, 5 mM EDTA, 
0.1% Triton X-100), and the product was eluted with 10 mM* 
maltose in low salt buffer. The purified substrates were 
stored frozen at -40°C in 3 M guanidine-HCl and 0.5 - 0.7% 
Triton X-100, at 0.5 - l.o mg/ml. 

Microtiter 96 -well plates were coated with purified 
anti-MBP antibody (® 5-10 M g/ml) . followed by blocking with 
human serum albumin. 0-secretase solution (l-io M l) was mixed 
with MBP-C125 SW substrate (0.5 „1) in a final volume of 
50 M l, with a final buffer composition of 20 mM sodium 
acetate. pH 5.5, 0.035% - 0.05% Triton X-100. in uncoaced 
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individual wells of 96 -well ^ 

°f product. SampIes were !?™ *! V 91Ve 1600-3200 ng/ m l, hr 

chlorxde, 0.05% Triton x-405 c „ 9/ SOdlui " 

20 fold into Specimen B D ^; I*" ESA >' further diluted 10- 

incubated for 2 h siotlnvl \ ^ C °" ed pl "«- «* 

> reporter. Swls2 Polvclo i S " 192 antib ° di " -» used as 

using KHS-biotin 1^ fol\ ""^^ bi °"™d 
instruction The bil f ° ll0Wln3 the manufacturer's 

"-aoo ng/ml . ^^T:i:iti:tz diss wsre — - — 

MBP-2 6SM standards (see beloTT optimized against 

used, poking incultLn o £ ^V". " 
the ELISA was developed us in! .e " lth th " re °°"er, 

Phosphatase (Boeringer- „Zh 3 """"^--^ed alkaline 
Phosphate as aoc^T^T 

Cytofluor 2350 Fluorescent „! " read in a 

containing maltose"^ TrolZT^T^ 
type and Swedish variants" „> TL T ""^ 

26) were prepared as standi u Be <Ju en =* (mbp- 

the MBP-C125^uhs t :at: eLtt rhaTth"" 110 " ^ 
Purified from the l ysis ' buf f e T ^ £™ T 

"ructures T ti:; s :Lor r ::ri" oTc used to ~ for 

well microtiter plates. cl^ZTZZT^ ** 
concentration of 50 ua/ m i * \ B „ diluted to a stock 

-toe were aetata. 5, pmso. 

iPsoluMe compounds, and supeLacLt adH " 
substrate mixtures to a f ( uperna tants added to enzyme and 

* the assay l:Z:ill™ a C b°r tr The i0 e n f " ^ 
generated was compared with contr^' ,J ' ° f Pr ° ducC 

incubations, to calcul."" TrlZ t ^ ^ '""""ase 
•a compounds which result in ,35* in^tiol"^ 1^ 
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activity at test concentration. Using this system, 14 "hits- 
were identified out of the first 9944 compounds tested, a 
"hit" rate of 0.14%. Thus, the assay has been shown to be 
capable of distinguishing "non- inhibitors" (the majority of 
compounds) from "inhibitors." 

Cleavage by /3-secretase of the wild- type MBP-C125 wt 
was measured by the above procedure, with the following 
modifications: incubation at 37°C was as above, but in 
microfuge tubes and for 5 hours. Samples were then diluted 10- 
fold in Specimen Diluent and transferred to anti-MBP coated 
plates without further dilution. The reporter antibody was 
biotinylated wild type specific 192, used at 700 ng/ml . 
Recombinant wild type MBP-C26 was used to generate a standard 
curve for conversion of fluorescent units into amount of 
product (Fig. 9) . Varying the amount of 0-secretase solution 
resulted in a corresponding increase in product (Fig. 9), with 
optimum levels around 6 fil per 50 fil of reaction solution. 

2. uti H ^a Partially Purified ft-Secretase and 

gy^v^t-ir OliopepHde Substrates 

/3-secretase activity was also measured by incubating 
the partially purified /3-secretase preparations with synthetic 
oligopeptides comprising the cleavage site in APP. The 
cleavage products could have been detected by any of several 
techniques, including but not limited to use of fluorescent or 
chromogenic tags on the N- or C- termini, measurement of free 
N- or C- termini, or antibody reaction with the cleaved 
peptides. In the following example, the cleavage products 
were detected using high performance liquid chromatography 
(HPLC) . The following peptides were employed: 

ADRGL TTRPG SGLTN IKTEE ISEVN LDAEF RHDSG YEVHH 
QK(26-16'SW) [SEQ ID No. : 11] 



GSGLT NIKTE EISEV NLDAE FRHDS GYEVH HQK117-16 ' SW) 
[SEQ ID No.: 12] 
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ADRGL TTRPG SGLTN IKTEE ISEVN LDAEF (26-4 'SW) 
[SEQ. ID No. :13] 

SEVNL DAEPR HDSGY EVBHQ KC5-16-SW) [SEQ a No . !l4] 
N-AcetylSEVTJL DAEPR (5-5'SW) [SEQ ID No. =15] 

svnth . Peptides were Prepared by automated solid phase 
synthesis. The 26 - 4 . SB , s-i^sw. and 5-S'SK peptides were 

16 SW peptides were synthesized by pmoc chemistry All 
peptides were purified by reverse-phase HPLC before use. using 

on a"L T tODitrile 3radient ' " ^ TEA 

=n a C4 column. The peptide substrate was incubated at 0 3 - 

2 f ^ SeCretaSe ' - described above 

through the gel exclusion chromatography step. The B- 

ZTT:rT' n9 eXClUSi ° n £raCtiOT — four- 
fold in a final assay volume of 250 „1, „ ith , final buffer 

composition of 100 mM sodium acetate. p H 5.5. and o o f 

reduced Triton x-100. The samples are incubated at 37-c for 

overnight hours, for peptides «.„.,, 26 - 4 J w . 0 f 17 - 

15'SW. or 70-80 hours for 5-15'SW or 5-5'SK. Following 

incubation, trifluoroacetic acid was added to a final 

concentration of l.o %. The samples were analyzed by HPLC 

Vydac C4 column ,4.4 mm x 2 50 mm. 300 A pore size. 5, bead 
size) using a gradient of 4.5* acetonitrile for 5 minutes 
followed by 4.S- 22 .S* acetonitrile in 40 minutes. 22 ""is* 
in 5 minutes, and 31.5-90% in 10 minutes. 35-4-sw and 5-5'SW 

300 A pore size. 5 „ bead size) using a gradient of l 8 * 
acetonitrile for 5 minutes, followed by 1.8-30.6* acetonitrile 

and 38 n 9 T eS ' "- 8 " 1 " ^ " minU " S - 18 - 3 " in '« ^nutes 
and 36-90* in 15 minutes. Typical separations of digests of 
the peptides are shown in Pigs. 10A-10E. Product peptides 
were identified in selected digests by amino acid analysis and 
mass spectroscopy, In addition, the C-terminal Leu/Asp 
cleavage product (DAEFRHDSGYEVHHOK) [SEO ID No. : 16] was 
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confirmed by comparison with the synthetic peptide. Cleavage 
yields were quantitated by measurement of the intensity or 
area of the N-terminal (26-4 'SW) or C-terminal (all other 
peptides) product peptide peak. Standard curves using 
5 synthetic DAEFRHDSGYEVHHQK ISEQ ID No.: 16] showed that the 
HPLC assay was linear and reproducible (Fig. 10F) . When 
serial gel exclusion fractions from a /3-secretase preparation 
were analyzed by this method, the results were proportional to 
the 0-secretase activity as determined by ELISA (Figs. 11A- 
10 11C) , confirming that the same activity is being measured, 
quantitatively, in both assays. The 17-16'SW peptide is the 
preferred substrate, since it gave the highest product signal. 
Fig. 12 shows the results of assays using the 17-16'SW peptide 
and including two candidate inhibitors (Congo Red and an 
15 inactive compound which was also inactive by the ELISA assay) , 
showing that this assay can be used as an alternate screen for 
inhibitors, or to verify inhibitors identified in other 
assays . 

20 3. *=«* y* TTtil ^ ™ Transferred Cell Membranes 

Generation of /3-secretase cleaved APP fragments from 
the endogenous full length APP protein was observed using the 
192SW antibody (described above) in membranes from 293 cells 
25 transfected with the Swedish variant of APP (293SWE cells) . 
APP fragments may be measured by immunoprecipitation or by 
immunoblotting. The latter technique is preferred for reasons 
of convenience. Confirmation that the cleavage activity 
results from /3-secretase was as follows: 
30 1) Both activities were highly selective, generating a single 
N-terminal product identifiable on immunoblots with the 192SW 
antibody (see below) . 

2) Both activities were membrane -bound. 

3) The membrane activity was resistant to the standard 
35 protease inhibitors listed in Table 3 above. 

A semiquantitative assay for the detecting an situ 
/3-secretase cleavage of APP in membranes was developed used to 
directly identify 0-secretase inhibitors. The membrane assay 
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30 



35 



is useful as a primary screen or as a secondary assay to 
confirm inhibiting activity of potential inhibitors identified 
in the assays described above. 

Cell membrane assays were run as follows. 293SW 
cells, were grown in medium containing 90% Dulbecco's MEM 10% 
heat inactivated fetal bovine serum, 25 mM HEPES , 1 mM 
pyruvate, 2 mM glutamine, and 0.4 mg/ml geneticin, by standard 
procedures (see e.g. R. I. Freshney (1987) Animal Cell 
Culture: A Manual of Basic Technique (2nd Edition) Alan R 
Liss, Inc. New York, NY) . Th e cells were harvested by rinsing 
once with phosphate-buffered saline (PBS) , then incubating 5 
minutes with PBS containing 2 mM EDTA, with gentle agitation 
All further steps were done at 4 o C or on ice, except where 
noted. Cells were pelleted by centrifugation for 5 minutes at 
800 x g, then twice resuspended in PBS and repelleted The 
cell pellet was homogenized in 5 volumes of homogenization 
buffer (20 mM HEPES, pH 7.5, 2 mM EDTA, 250 mM sucrose, 1 mM 
PMSF, 5 /Kj/ml dichloroisocoumarin, 1 Mg/m l pepstatin A, and 5 
Mg/ml E-64). The homogenate was centrifuged 10 minutes at 800 
x g. The supernate was saved, while the pellet was resuspended 
m another 5 volumes of homogenization buffer and 
recentrifuged. The resulting supernate was pooled with the 
previous one, aliquoted into 1.0 ml portions, and respun at 
16,000 x g for 20 minutes. The pellets (P2) were stored at - 
40°C. 

Measurement of in situ /3-secretase activity was 
facilitated by extracting the endogenous /3-secretase cleaved 
APP with saponin. P2 pellets were extracted in 1.0 ml of 
resuspension buffer (20 mM Tris, pH 7.5, 2 mM EDTA, i.o mM 
PMSF, 5 M g/ml dichloroisocoumarin, 1 Mg /ml pepstatin A, and 5 
Mg/ml E-64) with 0.02% saponin for 30 minutes, pelleted at 
16,000 x g for 20 minutes, then resuspended by vortexing in 
the above resuspension buffer, without saponin. 

For 0-secretase inhibition assays, 10 M l of the test 
compound of interest at 5 times its desired final 
concentration, in 500 mM sodium acetate, pH 5.5. and 20 % 
DMSO, was added to 40 „1 of the extracted P2 suspension 
Samples were incubated at 37C for 4 hours before stopping the 
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reaction with 17 jil of concentrated loading buffer (30% 
glycerol, 12% sodium dodecyl sulfate, 400 mM Tris, pH 6.7, 40 
mM EDTA, 400 mM dithiothreitol, 0.4 mg/ml Bromophenol Blue). 
Samples were boiled and electrophoresed on 10-20% acrylamide 
5 Tricine gels (Novex) and transferred to Immobilon membranes 
(Millipore) . Membranes were blocked in NCS-TBS (10% newborn 
calf serum, 150 mM sodium chloride, 50 mM Tris, pH 7.5), and 
analyzed using 192SW, 0.5 /xg/ml in NCS-TBS, as primary 
antibody, horseradish peroxidase- linked anti-rabbit IgG 

10 (Amersham) diluted 1:3000 in NCS-TBS as secondary antibody, 

and ECL reagent (Amersham) as chemilumenescent developer. The 
192SW-reactive bands identified by autoradiography were 
quantitated by densitometry. 

As shown in the autoradiograms in Fig. 13, two 

15 product bands were identified on immunoblots. The lower and 
upper bands correspond to cleavage products of the immature, 
core -glycosylated form and the mature, Golgi -processed, fully 
glycosylated form of APP, respectively, as shown by their 
mobilities on electrophoresis and differential sensitivity to 

20 neuraminidase and O-glycanase. As shown by the quantitation, 
normalized to the unincubated, unextracted P2 membranes used 
as standards (Pig. 14) , signal was initially low, and steadily 
increased with incubation. Further experiments, such as that 
shown in Fig. 15, showed a slight increase in signal with 

25 further incubation. Fig. 16 shows the concentration 
dependence of inhibition by three putative inhibitors 
identified in the ELISA assay. Congo Red and compound 31766 
(Fig. 17) were much more potent than an inactive compound in 
both the ELISA and the in situ assays. 

30 Although the foregoing invention has been described 

in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the 
scope of the appended claims. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Chrysler, Susanna M.S. 

Sinha, Sukanto 
Keim, Pamela S. 
Anderson, John P. 
Tan, Hau 

McConlogue, Lisa M. 
Jacobson- Croak, Kirsten L. 

(ii) TITLE OF INVENTION: Beta-Secretase 

(iii) NUMBER OF SEQUENCES: 17 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Townsend and Townsend and Crew LLP 

(B) STREET: Two Embarcadero Ctr., 8th Floor 

(C) CITY: San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94111-3834 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US PCT 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/480,498 

(B) FILING DATE: 07-JUN-1995 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/485,152 

(B) FILING DATE: 07-JUN-1995 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Heslin, James M. 

(B) REGISTRATION NUMBER: 29,541 

(C) REFERENCE/DOCKET NUMBER: 15270-002220PC 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 415-326-2400 

(B) TELEFAX: 415-326-2422 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS- 

mi J^2 TH: 1521 base P ai " 
B) TYPE: nucleic acid 

C STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
ATGAAAACTG AAGAAGGTAA ACTGGTAATC TGGATTAACG GCGATAAAGG CTATAACGGT 
CTCGCTGAAG TCGGTAAGAA ATTCGAGAAA GATACCGGAA TTAAAGTCAC CGTTGAGCAT 
CCGGATAAAC TGGAAGAGAA ATTCCCACAG GTTGCGGCAA CTGGCGATGG CCCTGACATT 
ATCTTCTGGG CACACGACCG CTTTGGTGGC TACGCTCAAT CTGGCCTGTT GGCTGAAATC 
ACCCCGGACA AAGCGTTCCA GGACAAGCTG TATCCGTTTA CCTGGGATGC CGTACGTTAC 
AACGGCAAGC TGATTGCTTA CCCGATCGCT GTTGAAGCGT TATCGCTGAT TTATAACAAA 
GATCTGCTGC CGAACCCGCC AAAAACCTGG GAAGAGATCC CGGCGCTGGA TAAAGAACTG 
AAAGCGAAAG GTAAGAGCGC GCTGATGTTC AACCTGCAAG AACCGTACTT CACCTGGCCG 
CTGATTGCTG CTGACGGGGG TTATGCGTTC AAGTATGAAA ACGGCAAGTA CGACATTAAA 
GACGTGGGCG TGGATAACGC TGGCGCGAAA GCGGGTCTGA CCTTCCTGGT TGACCTGATT 
AAAAACAAAC ACATGAATGC AGACACCGAT TACTCCATCG CAGAAGCTGC CTTTAATAAA 
GGCGAAACAG CGATGACCAT CAACGGCCCG TGGGCATGGT CCAACATCGA CACCAGCAAA 
GTGAATTATG GTGTAACGGT ACTGCCGACC TTCAAGGGTC AACCATCCAA ACCGTTCGTT 
GGCGTGCTGA GCGCAGGTAT TAACGCCGCC AGTCCGAACA AAGAGCTGGC GAAAGAGTTC 
CTCGAAAACT ATCTGCTGAC TGATGAAGGT CTGGAAGCGG TTAATAAAGA CAAACCGCTG 
GGTGCCGTAG CGCTGAAGTC TTACGAGGAA GAGTTGGCGA AAGATCCACG TATTGCCGCC 
ACCATGGAAA ACGCCCAGAA AGGTGAAATC ATGCCGAACA TCCCGCAGAT GTCCGCTTTC 
TGGTATGCCG TGCGTACTGC GGTGATCAAC GCCGCCAGCG GTCGTCAGAC TGTCGATGAA 
GCCCTGAAAG ACGCGCAGAC TAATTCGAGC TCGGTACCCG GCCGGGGATC CATCGAGGGT 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
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AGGG CCGACC GAGGACTGAC CACTCGACCA GGTTCTGGGT TGACAAATAT CAAGACGGAG 1200 

GAGATCTCTG AAGTGAATCT GGATGCAGAA TTCCGACATG ACTCAGGATA TGAAGTTCAT 1260 

CATCAAAAAT TGGTGTTCTT TGCAGAAGAT GTGGGTTCAA ACAAAGGTGC AATCATTGGA 1320 

CTCATGGTGG GCGGTGTTGT CATAG CGACA GTGATCGTCA TCACCTTGGT GATGCTGAAG 1380 

AAGAAACAGT ACACATCCAT TCATCATGGT GTGGTGGAGG TTGACGCCGC TGTCACCCCA 1440 

GAGGAGCGCC ACCTGTCCAA GATGCAGCAG AACGGCTACG AAAATCCAAC CTACAAGTTC 1500 

TTTGAGCAGA TGCAGAACTA G 152 i 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE : amino acid 

<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Ala Tyr Leu Thr Val Leu Gly Val Pro Glu Lys Pro Gin He Ser Gly 
1 5 10 is 

Phe Ser Arg 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 2 0 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

lie He Pro Ser Thr Pro Phe Pro Gin Glu Cys Gin Pro Leu He Leu 

10 15 

Thr Cys Glu Arg 
20 
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(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Gly Lys Pro Leu Pro Glu Pro Val Leu Trp Thr Lys 
15 10 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

B T^P 1 " amin ° aC±ds 
jb; TYPE: amino acid 

C STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Region 
n n23 TION: ~-of(15) 

0THER INFORMATION: /note- «C t*r^ i ^ 

amidated." C- terminal Gin is 

Cxi) SEQUENCE DESCRIPTION: SEQ ID NO • 5 • 

Py «ly Oly Tyr Leu Tnr Val Leu 01y val Pro Glu L ys Gin Pro 

15 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

( ix) FEATURE : 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(l) 

(D) OTHER INFORMATION: /note= "N- terminal Asn is 
acetylated. " 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Asn His He He Pro Ser Thr Pro Phe Pro Gin Glu Gly Gin Pro Leu 
1 5 10 15 

He Leu Thr Cys 
20 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of(14) 

(D) OTHER INFORMATION: /note- "C-terminal Lys i 
amxdated. " 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Cys Gly Gly Lys Pro Leu Pro Glu Pro Val Leu Trp Thr Lys 
5 n n 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME /KEY: Region 

(B) LOCATION: one-of(l) 

(D) OTHER INFORMATION: /note= "Xaa is Ser, Phe or Gly." 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Xaa Lys Asn Lys Val Lys Gly Ser Gin Gly Gin Phe Pro Leu Thr Gin 
15 10 15 

Xaa Val Thr Val Val 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Val Lys Met Asp Ala 
1 5 
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(2) INFORMATION FOR SEQ ID NO:10: 
(i) SEQUENCE CHARACTERISTICS- 

B TYP? TO: 5 amin ° aC ^ S 

S JH E: amin ° acid 

C STRANDEDNESS : single 

(D) TOPOLOGY: linear 9 

(ii) MOLECULE TYPE: peptide 



PCT/US96/09985 



(xi) 



SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



Val Asn Leu Asp Ala 
1 5 
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I) INFORMATION FOR SEQ ID NO: 11: 
(i) SEQUENCE CHARACTERISTICS: 

B T^I ra: ^ amin ° 3Cids 
IB TYPE: ammo acid 

C STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO- 11- 

f a Asp A, g Giy , eu Thr Thr ^ ^ ^ ^ ^ ^ ^ ^ 

L ys Thr Giu Stt Ile ser Glu val ^ a ^ ^ ^ ^ h ^ 

Asp Ser oiy Tyr Glu Val His His Gin Lys 
35 40 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 



Gly 



Ser Gly Leu Thr Asn He Lys Thr Glu Glu He Ser Glu Val Asn 



Leu Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin 
20 25 



Lys 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS • 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO; 13: 

Ala Asp Arg Gly Leu Thr Thr Arg Pro Gly Ser Gly Leu Thr Asn lie 
Lys Thr Glu Glu He Ser Glu Val Asn Leu Asp Ala Glu Phe " 



30 
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(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Ser Glu Val Asn Leu Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu 
1 5 10 " 15 

Val His His Gin Lys 
20 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION: one-of (1) 

<D) OTHER INFORMATION: /note= "N- terminal Ser is acetylated. 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Ser Glu Val Asn Leu Asp Ala Glu Phe Arg 
15 10 
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2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Asp Ala Glu Phe Arg His Asp Ser Gin Tyr Glu Val His His Gin Lys 
1 5 10 15 



WO 96/40885 




PCT/US96/09985 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 506 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Met Lys Thr Glu Glu Gly Lys Leu Val He Trp He Asn Gly Asp Lys 
15 10 15 

Gly Tyr Asn Gly Leu Ala Glu Val Gly Lys Lys Phe Glu Lys Asp Thr 
20 25 30 

Gly He Lys Val Thr Val Glu His Pro Asp Lys Leu Glu Glu Lys Phe 
35 40 45 

Pro Gin Val Ala Ala Thr Gly Asp Gly Pro Asp He He Phe Trp Ala 
50 55 60 

His Asp Arg Phe Gly Gly Tyr Ala Gin Ser Gly Leu Leu Ala Glu He 
65 70 75 80 

Thr Pro Asp Lys Ala Phe Gin Asp Lys Leu Tyr Pro Phe Thr Trp Asp 
85 90 95 

Ala Val Arg Tyr Asn Gly Lys Leu He Ala Tyr Pro He Ala Val Glu 
100 105 110 

Ala Leu Ser Leu He Tyr Asn Lys Asp Leu Leu Pro Asn Pro Pro Lys 
115 120 125 

Thr Trp Glu Glu He Pro Ala Leu Asp Lys Glu Leu Lys Ala Lys Gly 
130 135 140 

Lys Ser Ala Leu Met Phe Asn Leu Gin Glu Pro Tyr Phe Thr Trp Pro 
145 150 155 160 

Leu He Ala Ala Asp Gly Gly Tyr Ala Phe Lys Tyr Glu Asn Gly Lys 
165 170 175 

Tyr Asp He Lys Asp Val Gly Val Asp Asn Ala Gly Ala Lys Ala Gly 
180 185 190 

Leu Thr Phe Leu Val Asp Leu He Lys Asn Lys His Met Asn Ala Asp 
195 200 205 

Thr Asp Tyr Ser He Ala Glu Ala Ala Phe Asn Lys Gly Glu Thr Ala 
210 215 220 
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Met Thr xie Asn Gly f „ Trp Ala Trp ser s ne ^ ^ ^ 

235 240 
Val Asn Tyr Gly Val Thr Val Leu p ro ^ phe Lys Qly ^ ^ ^ 

250 255 
Lys Pro Phe val Gly val U U Ser Ala Gly Ile Asn Ala ^ Ser pro 

265 270 
*" ^ 275 «*» G1 " IS =1" Asn Tyr Leu Leu Thr ^ 

Glu Gly Leu Glu Ala Val Asn Lys Asp Lys Pro ^ " y ^ ^ ^ 
L» Lys Ser Tyr Glu Glu Glu Leu Ala Lys Asp Z Ar g He Ala Ala 



320 



Thr Met Glu Asn Ala Gin Lys Gly Glu r> 

325 y y GiU Hi Met Pro Asn He Pro Gin 



335 



Met ser Ala Phe Trp Tyr Ala Val jg T hr Ala Val ^ ^ ^ Wa 

345 350 

Ser Gly Arg Gl» Thr Val Asp Glu Ala Leu Lys Asp Ala Gin Thr Asn 

360 365 
ser ser Ser Val Pro Gly Arg Gly Ser xle Glu Gly Arg Ala Asp Ar g 

«y K» Thr Thr Ar g pro Gly Ser Gly Leu Thr I xle Lye Thr Glu 
„ 395 400 

Glu Xle ser Glu Val Ann Leu Asp Ala Glu Phe Ar g His Asp Ser Gly 

Tyr Glu Val His His Gin Lys Leu Val Phe p he ai o-, 

420 X U YJf Phe Phe Glu Asp Val Gly 

430 

ser Asn Lys Gly Ala Xle Xle Gly Leu Met Val Gly Gly Val Val xle 

**° 445 
Ala Thr Val Xle Val xle Thr Leu Val Met Leu Lys Lys Lys Gin Tyr 

460 

Thr Ser He His His Gly Val Val Glu Val Asp Ala Ala Val Thr Pro 
Glu Glu Ar g His Leu Ser Lys Met Gin Gin Asn G ly Xy, Glu ^ Z 



Thr Tyr Lys Phe Phe Glu Gin Met Gin Asn 



495 



505 
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WHAT IS CLAIMED IS : 



1 1 . A composition of matter comprising an isolated 

2 and purified enzyme which specifically cleaves /3-amyloid 

3 precursor protein at the /3-amyloid peptide cleavage location. 

1 2. A composition of matter comprising jS-secretase, 

2 wherein the composition has a /3-secretase activity which is at 

3 least five -fold greater than that of a solubilized but 

4 unenriched membrane fraction from human 293 cells. 

1 3. A composition of matter as in claim 2, wherein 

2 the 0-secretase activity is at least about 100-fold greater 

3 than that of a solubilized but unenriched membrane fraction 

4 from human 293 cells. 

1 4. A composition of matter comprising at least 10% 

2 by weight of an enzyme capable of cleaving 0- amyloid precursor 

3 protein at the 0-amyloid peptide cleavage location and having 

4 the following characteristics: 

5 (a) an apparent molecular weight in the range from 

6 260 kD to 300 kD measured by gel exclusion 

7 chromatography; 

8 (b) a net negative charge at pH 5 and a net 

9 negative charge at pH 7.5; and 

10 (c) binds to wheat germ agglutinin with partial 

11 binding to other lectins as set forth in Table 

12 2. 

1 5. A composition of matter comprising at least 10% 

2 by weight of an enzyme capable of cleaving ^-amyloid precursor 

3 protein at the 0-amyloid peptide cleavage location and 

4 reactive with antibodies raised against any one of the 

5 peptides of [SEQ ID No.:9, SEQ ID No.:10, and SEQ ID No.:ll] . 

1 6. A composition of matter as in claim 5, wherein 

2 the enzyme is reactive with antibodies raised against at least 

3 two of the peptides. 
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2 7 ; A com P° s ition of matter as in claim 6, wherein 

3 ;^::n h ; sreactive with antibodies ~ ised ~ ^ 



i 

2 

1 
2 
3 
4 



peptides . 



2 the en2 ™ : COm P° sltlon of ^tter as in claim 5, wherein 

3 ^ IT ^ molecular -iBUt between 60 JcD and 
3 14 8 kD when determined by electrophoresis. 

1 9. An antibody that specifically binds native 0- 

2 secretase protein. 

2 antibody. *" " 9 ^ ±S * ^clonal 

1 11 * The an *ibody of claim 9 that is a monoclonal 



2 antibody. 

1 " ' ThS antibod y °f claim 9 that is a humanized 



antibody. 

13. The antibody of claim 9 that is an antibody 



2 fragment 



14. 



A method for detecting /3-secretase cleavage of 
a polypeptide substrate, said method comprising: 

* Pr ° Vidin9 3 reacti °» system including 0-secretase 
and the polypeptide substrate present in initial amounts; 

maintaining the reaction system under conditions 
which permit 0-secretase cleavage of the polypeptide substrate 
into cleavage products; and 

detecting the amount of at least one of the fi- 
secretase cleavage products produced as a result of fi- 
secretase cleavage of the substrate. 

int^ • " * A " in Claim " ' fUrthSr co ^"ing 

introducing a test compound to the reaction system and 

determining whether the test compound afreets the amount of 
secretase cleavage product (s) produced. 
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1 16. A method as in claim 14, wherein the 0- 

2 secret ase and the polypeptide substrate are obtained 

3 separately and admixed into the reaction mixture. 

1 17. A method as in claim 16, wherein the (3- 

2 secretase is selected from the group consisting of (1) 0- 

3 secretase at least partially purified from a cellular source 

4 and (2) recombinant /3-secretase . 

1 18. A method as in claim 16, wherein the 

2 polypeptide substrate is selected from the group consisting of 

3 (1) /3-amyloid precursor protein (APP) at least partially 

4 purified from a cellular source, (2) recombinant polypeptide 

5 comprising the /3- secretase cleavage site of APP, and (3) 

6 synthetic polypeptide comprising the /S-secretase cleavage site 

7 of APP. 

1 19. A method as in claim 14, wherein the reaction 

2 system comprises native /3-secretase and native 0-amyloid 

3 precursor protein (APP) at least partially isolated from a 

4 single cellular source. 

1 20. A method as in claim 19, wherein the 0- 

2 secretase and APP are extracted from cell membranes. 

1 21. A method as in claim 14, wherein the cleavage 

2 products include an amino- terminal fragment and a carboxy- 

3 terminal fragment and wherein the cleavage product is detected 

4 by observing binding between the fragment and a binding 

5 substance specific for the carboxy end of the amino- terminal 

6 fragment or the amino end of the carboxy- terminal fragment. 

1 22. A method as in claim 19, wherein the generation 

2 of the fragment is detected in a gel which separates fragments 

3 based upon size and/or electrophoretic mobility. 
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1 

2 
3 
4 
5 
6 

• cleave the P^SL'^^t.'"^™ ^^^"^ 
9 fragment and a carbon - " S lnto 311 ami «°- terminal 

» stance ^SS^^T * «" *~ - 

» ^aecretase""::: 1119 ° f ^^eptide at the 



substance inh^L—eoT — <*« a test 

protein V-J^ J^"" ° f Precursor 

, said method comprising- 

^-sacretase^tTf/jr"^ 6 "f™"" - the 

^-secretase po^ept^e n " * ^1"" '""^ 
under conditions such that th! « tSSt substan « 

deave the polypeptide slt^f 7!""!" POl ^ Ptid « 



partially pLfij?^" ^ 23 ' " he ^ th « ~ least 
presence^ J^t^^T^"' ^ * *» th ' 
an activity which is aTleLt^eTfoL^ SUbStanCS 1138 

- unenriched I^TSLSTL^ ^ " 

- the t-JL/.^^ti^'?"-" — 

fragment and a binding substaL ^e T" 

li^rrssr- - - — - end 

of the fraglent^r^c^dln 01 ^: 25 ' the —ion 

-ed upon ei,e ^-""TiL^LSr'" < — ~ 
28. A method as in claim 25, wherein th* 



)_964088SA2U_> 



WO 96/40885 PCT/US96/09985 



73 

1 29. A method as in claim 28, wherein the substrate 

2 polypeptide is a fusion polypeptide comprising an amino- 

3 terminal portion having a binding epitope and a carboxy- 

4 terminal portion having the /3-secretase site. 

1 3 0. A method as in claim 29, wherein cleavage of 

2 the substrate polypeptide is detected by capture of the amino- 

3 terminal portion of the fusion polypeptide and detection of 

4 the carboxy end of the amino- terminal portion, wherein said 

5 carboxy end is detected by observing binding to a binding 

6 substance specific for said carboxy end. 

1 31. A method for determining whether a test 

2 substance inhibits proteolytic cleavage of /S-amyloid precursor 

3 protein (/3-APP) , said method comprising: 

4 exposing a substrate polypeptide comprising the 

5 /S-secretase site of APP to an at least partially purified 

€ /S-secretase polypeptide in the presence of the test substance 

7 under conditions such that the /S-secretase polypeptide would 

8 cleave the polypeptide substrate between a Met -Asp or a Leu- 

9 Asp cleavage site into an amino- terminal fragment and a 

10 carboxy- terminal fragment in the absence of a substance which 

11 inhibits such cleavage; and 

12 detecting cleavage of the polypeptide at the 

13 /S-secretase site. 

1 32. A method as in claim 31, wherein the at least 

2 partially purified /S-secretase polypeptide which is in the 

3 presence of the substrate polypeptide and test substance has 

4 an activity which is at least five -fold greater than that of a 

5 solubilized but unenriched membrane fraction from human 293 

6 cells. 

1 33. A method as in claim 31, wherein cleavage of 

2 the polypeptide is determined by detecting the generation of 

3 at least one of the amino- terminal fragment and the carboxy- 

4 terminal fragment. 
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1 34. A method as in claim 33, wherein the generation 

2 of the fragment is detected by observing binding between the 

3 fragment and a binding substance specific for the carboxy end 

4 of the amino -terminal fragment or the amino end of the 

5 carboxy- terminal fragment. 

1 35. A method as in claim 33, wherein the generation 

2 of the fragment is detected in a gel which separates fragments 

3 based upon size and/or electrophoretic mobility. 

1 36. A method as in claim 31, wherein the 

2 polypeptide comprises a sequence including the 125 carboxy - 

3 terminal amino acids of /S-APP. 

1 37. A method as in claim 36, wherein the substrate 

2 polypeptide is a fusion polypeptide comprising an amino- 

3 terminal portion having a binding epitope and a carboxy- 

4 terminal portion having the jS-secretase site. 

1 38. A method as in claim 37, wherein cleavage of 

2 the substrate polypeptide is detected by capture of the amino- 

3 terminal portion of the fusion polypeptide and detection of 

4 the carboxy end of the amino- terminal portion, wherein said 

5 carboxy end is detected by observing binding to a binding 

6 substance specific for said carboxy end. 

1 39. A method as in claim 31, wherein the 0- 

2 secretase cleaves between amino acid residues 596 and 597 in 

3 the 695-isomer of 0APP. 

1 40. A method for inhibiting the cleavage of 0- 

2 amyloid precursor protein in cells, said method comprising 

3 administering to the cells an amount of a compound effective 

4 to at least partially inhibit 0-secretase activity. 
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1 AT G AAAAC T G AAG AAG G T AAAC T G G T AAT C T G G AT T AAC GG C G AT AAAG G C 
1 MetLysThrGluGluGlyLysLeuVallleTrpIleAsnGlyAspLysGly 

52 TATAACGGTCTCGCTGAAGTCGGTAAGAAATTCGAGAAAGATACCGGAATT 
18 TyrAsnGlyLewAlaGluValGlyLysLysPheGluLysAspThrGlylle 

103 AAAGTCACCGTTGAGCATCCGGATAAACTGGAAGAGAAATTCCCACAGGTT 
35 LysValThrValGluHisProAspLysLeuGluGluLysPheProGlnVal 

154 GCGGCAACTGGCGATGGCCCTGACATTATCTTCTGGGCACACGACCGCTTT 
52 AlaAlaThrGlyAspGlyProAspIlellePheTrpAlaHisAspArgPhe 

2 2o ^ GT S? CTACGCTC ^ TCTGGCCTGTTGGCTGA AATCACCCCGGACAAAGCG 
69 GlyGlyTyrAlaGlnSerGlyLewLewAlaGluIleThrProAspLysAla 

.56 TTCCAGGACAAGCTGTATCCGTTTACCTGGGATGCCGTACGTTACAACGGC 
8 6 PheGlnAspLysLeuTyrProTheThrTrpAspAlaValArgTyrAsnGly 

307 AAGCTGATTGCTTACCCGATCGCTGTTGAAGCGTTATCGCTGATTTATAAC 
103 LysLeuIleAlaTyrProIleAlaValGluAlaLeuSerLeuIleTyrAsn 

358 AAAGATCTGCTGCCGAACCCGCCAAAAACCTGGGAAGAGATCCCGGCGCTG 
120 LysAspLewLewProAsnProProLysThrTrpGluGluIleProAlaLeu 

4 09 GATAAAGAACTGAAAGCGAAAGGTAAGAGCGCGCTGATGTTCAACCTGCAA 
137 AspLysGluLeuLysAlaLysGlyLysSerAlaLeuMetPheAsnLeuGln 

4 60 GAACCGTACTTCACCTGGCCGCTGATTGCTGCTGACGGGGGTTATGCGTTC 
154 GluProTyrPheThrTrpProLeuIleAlaAlaAspGlyGlyTyrAlaPhe 

511 AAGTATGAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATAACGCT 
171 LysTyrGluAsnGlyLysTyrAspIleLysAspValGlyValAspAsnAla 

?!? GGCGCGAAAGCGGGTCTGACCTTCCTGGTTGACCTGATTAAAAACAAACAC 
188 GlyAlaLysAlaGlyLewThrPheLeuValAspLeuIleLysAsnLysHis 

613 ATGAATGCAGACACCGATTACTCCATCGCAGAAGCTGCCTTTAATAAAGG- 
205 MetAsnAlaAspThrAspTyrSerlleAlaGluAlaAlaPheAsnLysGly 

664 GAAACAGCGATGACCATCAACGGCCCGTGGGCATGGTCCAACA^CGACAC- 
222 GluThrAlaMetThrlleAsnGlyProTrpAlaTroSerAsnlleAsp^h- 

FIG. 6-1 
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715 AGCAAAGTGAATTATGGTGTAACGGTACTGCCGACCTTCAAGGGTCAACCA 
239 SerLysValAsnTyrGlyValThrValLeuProThrPheLysGlyGlnPro 

7 66 TCCAAACCGTTCGTTGGCGTGCTGAGCGCAGGTATTAACGCCGCCAGTCCG 
256 SerLysProPheValGlyValLeuSerAlaGlylleAsnAlaAlaSerPro 

817 AACAAAGAGCTGGCGAAAGAGTTCCTCGAAAACTATCTGCTGACTGATGAA 
273 AsnLysGluLeuAlaLysGluPheLeuGluAsnTyrLeuLeuThrAspGlu 

868 GGTCTGGAAGCGGTTAATAAAGACAAACCGCTGGGTGCCGTAGCGCTGAAG 
290 GlyLeuGluAlaValAsnLysAspLysProLeuGlyAlaValAlaLeuLy s 

919 TCTTACGAGGAAGAGTTGGCGAAAGATGCACGTATTGCCGCCACCATGGAA 
307 SerTyrGluGluGluLewAlaLysAspProArglleAlaAlaThrMetGlu 

970 AACGCCCAGAAAGGTGAAATCATGCCGAACATCCCGCAGATGTCCGCTTTC 
324 AsnAlaGlnLysGlyGluIleMetProAsnlleProGlnMetSerAlaPhe 

1021 TGGTATGCCGTGCGTACTGCGGTGATCAACGCCGCCAGCGGTCGTCAGACT 
341 TrpTyrAlaValArgThrAlaVallleAsnAlaAlaSerGlyArgGlnThr 

1072 GTCGATGAAGCCCTGAAAGACGCGCAGACTAATTCGAGCTCGGTACCCGGC 
358 ValAspGluAlaLeuLysAspAlaGlnThrAsnSerSerSerValProGly 

1123 CGGGGATCCATCGAGGGTAGGGCCGACCGAGGACTGACCACTCGACCAGGT 
375 ArgGlySerIleGluGlvArqAlaA8PArofi1vT.PiiTbrThr A r g PrnP,iv 

117 4 TCTGGGTTGACAAATATCAAGACGGAGGAGATCTCTGAAGTGAATCTGGAT 

1225 GCAGAATTCCGACATGACTCAGGATATGAAGTTCATCATCAAAAATTGGTG 
409 AlaC3 , ^PT)*>ArqH3SftPPPPrG3vTvrnii 1 V a iHic sH ipr ? 1 nT.v S T.^iV f>1 

127 6 TTCTTTGCAGAAGATGTGGGTTCAAACAAAGGTGCAATCATTGGACTCATG 
426 PhePhftftl ftG l uAspVfl 3 GlvSerAsnLvsGI vAl a r i o T 1 e£j yT.o^t- 

1327 GTGGGCGGTGTTGTCATAGCGACAGTGATCGTCATCACCTTGGTGATGCTG 
4 43 ValGlvG3vValValT3eAl a ThrVAiT TpVa1T1oTHrLpilV ^ lMo ^ Toi , 

1378 AAGAAGAAACAGTACACATCCATTCATCATGGTGTGGTGGAGGTTGA r GCC 
460 LvsLvsI.vsGlnTvrThr.SorTloMi ^ ^ ciw a iv al( ; ]i:V; , u ^ 1 fl 
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142 9 GCTGTCACCCCAGAGGAGCGCCACCTGTCCAAGATGCAGCAGAACGGCTAC 
477 AlaValThrProGluGluAraHisLeuSerLvsMetGlnGlnAsnGlvTvr 

14 80 G AAAAT C C AAC C T AC AAG T T C T T T GAG C AG AT G C AG AAC TAG 
494 GluAsnProThrTvrLysPhePheGluGlnMetGlnAsn. . . 

FIG. 6-3 
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This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 
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national Search can be carried out, specifically: 
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This International Searching Authority found multiple inventions in this international application, as follows: 

- claims 1,9-22 

- claims 2,3,23-39 

- claim 4 

- claims 5-8 

- claims 40,41 * see continuation-sheet PCT/ISA/210 * 
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FURTHER INFORMATION CONTINUED FROM PCTOSA/CLio 



- claims 1,9-22 : (isolateed and purified) beta-secretase, antibodies 

directed to it and method using it 

- claims 2,3,23-39 : At least partially purified beta-secretase and methods 

using it 

- claim 4 : Beta-secretase having a MW of 260-300 kD, a net negative 

charge at pH 5 and pH 7,5, and binding to wheat germ 
agglutinin and other lectics 

- claims 5-8 : Beta-secretase being 10% by weight of the composition 

and reacting with certain antibodies 

- claims 40,41 : Method for inhibiting cleavage of beta-amyloid precursor 

protein 
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